A CLEAR definition for "infantile acute subdural hematoma" (IASDH) has not been published. Some reports regard the term as covering any case of acute subdural hematoma in infants, 5 including those with skull fracture and cerebral contusion. Because of the biophysiological characteristic in infants, we have limited the term to describe an acute subdural hematoma due to apparently minor head trauma without loss of consciousness that is not associated with cerebral contusion in infants; this may possibly be caused by rupture of a bridging vein. 16 This disorder differs in pathology from the acute subdural hematoma due to high-grade impact injury seen at all ages. Many reports of IASDH are found in the Japanese literature, 6'9-11'13'15 '16'22-25 but there are relatively few reports in the English literature 5,2j with more than a single case. We have reviewed the clinical characteristics of IASDH, computerized tomography (CT) findings, and the follow-up results of treatment.
Summary of Cases
Between 1972 and 1983, 26 cases of IASDH were treated at the Department of Neurosurgery, Fuchu Metropolitan Hospital, in Tokyo. Clinical data on these patients are summarized in Table 1 . In all cases, the impact on the head was apparently mild, there was no loss of consciousness, and a solid or liquid hematoma was confirmed in the subdural space at the time of craniotomy, burr-hole, or subdural tapping. The patients were aged between 3 and 13 months old, with an average of 8.1 months, the majority of the patients being between 7 and l0 months old. Three patients were female and 23 cases male, exhibiting a pronounced male predominance (Fig. 1) . In this series, none of the patients had a significant medical history or were subjects of child abuse before the trauma. The surviving patients were followed for periods ranging from 4 months to 11 years with an average of 7.2 years. The most common cause of trauma was a fall backward while sitting or standing (16 or 61.5% of the 26 patients), and characteristically this disorder occurred by hitting the head against a soft item such as a Japanese tatami mat.
Clinical Presentation
The clinical manifestations are summarized in Table   2 . Twenty-three patients had an initial presentation of convulsions after minor head trauma. The period between head trauma and the onset of convulsions was from several seconds to 1 hour: within 1 minute for 13 patients (57%), and within 5 minutes for 18 patients (78%), most being within 5 minutes. The seizures in 21 (91%) of the 23 patients were generalized tonic con- Infantile acute subdural hematoma vulsions. Typically, when the mother picked up the crying child after the fall, the child's face became pale and generalized tonic convulsions occurred; the child was then taken by ambulance to a hospital. Some of the patients rapidly regained consciousness, but others had persisting disturbance of consciousness and soon 
Clinical Grading
The patients were graded mainly on the basis of level of consciousness and degree of the motor weakness (Table 3 ). Grade I (mild) disease was seen in patients who rapidly regained clear consciousness after their convulsions subsided, and did not have associated motor disturbance. Vomiting and/or irritability persisted in most cases; 17 cases were classified into this grade. Six patients had Grade II (intermediate) disease, with drowsiness or decreased response and mild hemiparesis after recovery from convulsions. Three patients had Grade III (fulminant) disease, with persisting severe disturbance of consciousness, and definite hemiparesis. All Grade III patients showed signs of transtentorial herniation such as anisocoria. The patients were graded at the acute phase of the disorder, shortly after convulsions subsided, and the grading was not changed thereafter.
Diagnostic Studies
No fractures were seen on the skull x-ray films. (Cases 20 to 26). A wide area of high density was seen over the cortical surface, with prominent shift of the midline structures in Case 20 ( Fig. 3) , an example of the fulminant type of disease. Three patients (Cases 22, 23, and 26) with intermediate disease had a narrow high-density area over the cortex. On the other hand, N. A o k i a n d H . M a s u z a w a one patient (Case 21) with intermediate disease had narrow hypodense areas in the bilateral cortical surface, and high density in the parieto-occipital interhemispheric fissure (Fig. 4) . In the two patients (Cases 24 and 25) with the mild type of disease, only a narrow area of low density was seen bilaterally on the cortical surface (Fig. 5) . In cases with a hematoma that was shown to have low density on CT scanning (Cases 15, 21, and 24), a frankly fresh liquid hematoma was confirmed following subdural tapping. The hematocrit and hemoglobin values of the liquid hematoma for each case were 3.9% and 1.2 gm/dl on the fight side for Case 21; 2.1% and 0.7 gm/dl on the fight side, and 9.0% and 3.0 gm/dl on the left side for Case 24; and 7.7% and 2.8 gm/dl on the fight side for Case 25, respectively.
Treatment and Results
Methods of treatment were chosen according to the clinical grade and nature of the hematoma (Table 4) . Of the 17 mild-type cases, all but two early patients who underwent craniotomy (Case 1) and burr-hole drainage (Case 3) were treated with subdural tapping alone. Subdural tapping and evacuation of the hematoma were carried out once a day in the acute stage, 3 to 4 days after the onset of the disease. Evacuation of the hematoma was performed until the spontaneous flow ceased in each procedure. In cases in which yellowish fluid accumulated in the subacute phase, subdural tapping was done only when intracranial pressure was raised, judging from a tense fontanel, irritability, and vomiting. Subdural tapping was performed two to 17 times between 13 days to 2 months. Follow-up study revealed normal development in all but one patient Infantile acute subdural hematoma scanning (Cases 7 and 8) and one patient with a lowdensity area of hematoma on CT (Case 21) were treated with repeated subdural tapping alone. Case 21 required a subduroperitoneal shunt because of persistent collection of the subdural fluid, complicated by epilepsy. Although the follow-up period was short, the patient in Case 25 showed mild physical retardation. The remaining four patients with the intermediate type of disease showed normal development. The three patients with a fulminant type of IASDH underwent emergency decompressive craniectomy and evacuation of the clot. One of these patients (Case 17) died during the operation of cardiac arrest due to massive bleeding from a ruptured bridging vein, but the other two patients developed normally.
Discussion
The definition of "infantile acute subdural hematoma" (IASDH) is not always clear. Some authors have regarded the term as covering every acute subdural hematoma in infants, including cases with skull fracture and cerebral contusion. 5 In this paper, we have limited use of the term to apply to acute subdural hematoma in infants due to apparently minor head trauma with no loss of consciousness, and not accompanied by cerebral contusion. 16 The mechanism of trauma and the clinical presentations of the patients with IASDH in this series were extremely similar. That is, shortly after minor head trauma, such as a fall, generalized tonic convulsions occurred, and on arrival at the emergency room, the patients demonstrated retinal and preretinal hemorrhage, and various degrees of altered consciousness and motor weakness. Patients with the mild type of disorder lacked objective findings except for retinal and preretinal hemorrhage, and presented only with irritability, and/or vomiting, so these cases might be overlooked unless examined with the suspicion of IASDH. The incidence of IASDH in infants between 7 and 10 months old, particularly in boys, and its characteristics of generalized tonic convulsions and retinal and preretinal hemorrhage after minor head trauma, are critically important for the diagnosis of IASDH. If these points are kept in mind, the diagnosis is not difficult, but because the head injury is trivial and the most common initial presentation is convulsions, these patients may be referred to the pediatric department more often than to the neurosurgical department.
Before the introduction of CT scanning, patients were diagnosed mainly by cerebral angiography and subdural tapping, but since CT became available we have not been performing cerebral angiography. In this series, CT scan was performed on seven patients. The CT findings in one case of the fulminant type of IASDH were identical with those in acute subdural hematoma without association of cerebral contusion which is seen in patients of all ages. The high-density area on the cerebral surface in the three cases of the intermediate type of disease was narrow and the mass effect was mild. Worthy of note in the CT evaluation was the area of low density seen in two cases of the mild type of disease and one case of intermediate IASDH. Treatment consisted of subdural tapping alone in these three patients, so the entire pathology was not disclosed under direct vision. A diagnosis of IASDH was made in these three cases for the following reasons: 1) subdural tapping yielded macroscopically unclottable fresh blood; 2) the value of hematocrit and hemoglobin of the liquid hematoma was suggestive of new hemorrhage; 3) the patient's developmental milestones before the trauma were normal; and 4) they did not demonstrate any signs of chronic subdural hematoma or subdural effusion such as enlarged head circumference. However, the narrow low-density area on the cerebral surface seen on CT is indistinguishable from benign enlargement of the subarachnoid spaces, 12 benign subdural collections sometimes seen in infancy, ~4' 19 and cerebral atrophy; 3 diagnostic subdural tapping still appears to be necessary. Generally, craniotomy has been required for the treatment of acute subdural hematoma in infancy, 5 but it carries some risk such as of intraoperative hypovolemic shock. We have given therapy according to the clinical grade and nature of the hematoma. All of the 17 patients with the mild type of IASDH were found on subdural tapping to have liquid hematoma; 15 of these were treated with subdural tapping alone. Subdural tapping was performed through the skull using a needle devised by one of the authors* (Fig. 6 ). When the drainage was blocked by a partially clotted hematoma, the obstruction in the needle was freed by a styler. Follow-up results revealed that all but one patient, who died from unknown causes 3 months after discharge from the hospital, showed normal development and gratifying results. For the patients with the fulminant type of IASDH, emergency decompressive craniectomy and evacuation of the clot is essential for successful management, because transtentorial herniation occurs rapidly. Three patients in this group had solid hematoma with no contusion over the cortical surface. Unfortunately, one child (Case 17) had a massive intraoperative hemorrhage from a bridging vein draining into the superior sagittal sinus, and died from cardiac arrest.
Based on CT scanning and subdural tapping, three cases of the intermediate type of IASDH were identified as having liquid hematoma, and the other three cases as having solid hematoma. The three cases with liquid hematoma were treated with subdural tapping alone as in the mild type of disease, and the three cases with solid hematoma were treated with craniotomy and evacuation of the clot. One of the patients with a liquid hematoma developed epilepsy and one patient with a solid hematoma showed mild physical retardation. The other four patients developed normally.
None of the six patients (three cases of the intermediate and three of the fulminant type of IASDH) who underwent craniotomy had capsule membranes characteristic of chronic subdural hematoma, and none of them had cerebral contusion. Three of the hematomas were caused by a tear of the bridging vein at the region where it drained into the superior sagittal sinus. The bleeding source of the remaining three cases was not identified. In mild and intermediate cases of IASDH that were treated only with subdural tapping without craniotomy, the bleeding source was suspected to be venous because the size of the hematoma was not large. In 7-to 8-month-old infants, it has been demonstrated that the subarachnoid spaces are physiologically widened. 2~ This craniocerebral disproportion was considered to be one of the etiological factors permitting tearing of the bridging vein by rotation of the brain during blunt head injury. The cause of the pronounced male predominance, however, remains unexplained.
Retinal and preretinal hemorrhage due to intracranial hemorrhage has been explained as caused by a sudden increase of intracranial pressure. 7 However, the evidence that all the patients with IASDH of the mild type, whose intracranial pressure seemed not to be high, had retinal and preretinal hemorrhage may suggest other possible etiologies. Recently, retinal bleeding in children under 3 years old with head injuries has been reported to be pathognomonic of the battered child syndrome; 4 however, in this series no case was definitely caused by battering.
Follow-up review of the 26 cases in this series showed a morbidity rate of two (8.3%) of 24 patients and a mortality rate of two (7.7%) of 26 patients, which shows a very good prognosis. This is quite different from the prognosis of acute subdural hematoma of the kind seen in all ages. 8 This may be because IASDH is not associated with cerebral contusion, and because most of the 26 cases in this series (23 cases or 88.5%) were of the mild and intermediate type. Simple subdural hematoma described by Jamieson and Yelland 8 resembles IASDH as defined in this series, in that both are caused by relatively mild head trauma and lack of cerebral contusion. However, IASDH and simple subdural hematoma are clearly different pathoetiological entities; patients with simple subdural hematoma are mostly adults, the bleeding source is not infrequently arterial in origin, 17' 18 and the age of the patients and the typical clinical presentations of IASDH are definitely characteristic.
* No. 21 Aoki subdural needle for infants manufactured by Muraishi Iryoki Co., Ltd., Tokyo, Japan. As mentioned above, the prognosis in patients with IASDH is favorable with early diagnosis and suitable treatment. If treatment is delayed or the condition is undiagnosed, however, the fulminant type of IASDH may be fatal, and the intermediate and mild types may be complicated with permanent neurological deficit or may be followed by chronic subdural hematoma. 2 We have recently encountered a 9-month-old boy (not included in this series) who was diagnosed as having IASDH, probably of the intermediate type. This child's hematoma was not evacuated because CT scanning at another hospital indicated it was too small. Forty days later, he exhibited severe brain damage compatible with multicystic encephalomalacia ~ both on neurological examination and on CT (Fig. 7) .
Conclusions
A clinical analysis was made on 26 patients with IASDH. This disorder differed from the acute subdural hematoma seen in all age groups in that all cases showed a similar clinical course; that is, the majority of the patients presented at the hospital with the chief complaint of generalized tonic convulsions occurring soon after apparently minor head trauma, and had retinal and preretinal hemorrhage. The IASDH was classified into Grade I (mild type), Grade II (intermediate type) ,   FIG. 7 . Sequential computerized tomography (CT) scans in a 9-month-old boy not included in this series. This case was diagnosed as infantile acute subdural hematoma on the basis of the clinical history and CT findings, and the hematoma was left untreated because it was small. Left Pair: Scans on the day of onset of symptoms showing thin low-density areas over both cerebral hemispheres, and a high-density zone in the parieto-occipital interhemispheric fissure. Center Pair." Scans after 7 days showing the lowdensity areas increased in size. Right Pair: Scans after 44 days demonstrating diffuse low density in the cerebral parenchyma bilaterally, suggesting multicystic encephalomalacia.
and Grade III (fulminant type), based on the degree of altered consciousness and motor weakness. The mild type of IASDH may be overlooked unless funduscopic examination is done, because there are no neurological manifestations except for vomiting and/or irritability. In some cases, because CT may reveal narrow hypodense areas over the cerebral surface alone, a definite diagnosis cannot always be made by CT.
For the diagnosis of this disorder, it is necessary for the physician to bear in mind the age at which the disease frequently appears, the typical clinical course, and the consistent presence of retinal and preretinal hemorrhage. This disorder has a good prognosis when appropriate therapy is given early; however, if it is overlooked or the hematoma is not removed, it may progress to chronic subdural hematoma or multicystic encephalopathy, and such cases may be fatal.
